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(57) Abstract: A color conversion type light emitting diode excellent in lu- 
minous characteristics; specifically, a first light emitting diode which is a light 
emitting diode comprising an LED chip having a luminous layer consisting of 
a nitride compound semiconductor, and a translucent resin containing a fluores- 
cent substance that absorbs at least part of light from the LED chip to emit a dif- 
ferent-wavelength light, wherein the fluorescent substance contains a small-par- 
ticle-size fluorescent substance and a large-parti cle-size fluorescent substance, 
the large-particle-sizc fluorescent substance is distributed in the vicinity of the 
LED chip to form a color conversion layer in the translucent resin, and the small- 
particle-size fluorescent substance is distributed on the outer side of the color 
conversion layer in the translucent resin. 



WO 02/059982 Al IIUlBIIIillllllllin 



(57) Sft: 



WO 02/059982 



PCT/JP02/00484 



1 

n m m 

IHfcftJS 

.G^Al,.,.,^ 0£"xSl % O^y^l) ^JffiLfeLED5 L ?'7 B ^5l^ 

sji.fc. mm^mw-mm vtz^m^a. too aAs.AiinGaP^ 

' r©LED^y^±tLED^y^feifcffl$ixfc»fe»©H»*»«lUT, HE 
#W0 9 8./5 0 7 8^) Lfco 

»£>1\ y - K»W^$tfcLEDf y^fe©*^ LEDf 
S fc, r ©**^>f Kfiibfc«©^8ft £»-f 5 r. i T\ * 



WO 02/059982 PCT/JP02/00484 

2 

JIOffl^Srfltflfe1-55E*t J:oT£R3fetr-*3&MS3 6 5 nmW6 5 0nmO 
ffit38*lf-^-C**Wtfrt'*>!?x 5 5 0 nm&TO^Tfc* (AfrftKltiWf* 

#W 2000-196151 ■^♦RtCtts — J8S«J* KT^ 7i; -/Ufgai^dp^ 
SMD ; Surface Mounted Device) ^-MUl^llCIItSW 



WO 02/059982 PCT/JP02/00484 

•3 ' 

^JttfcMUJjE L < mi tS tlft 3 &5g#I g lfc»Jftfcir LT33 <? „ WiiftaMSV % 

mmt Lxm->tz®&^ iwfom • w^mfy/i 



WO 02/059982 PCT/JP02/00484 

4 

#fc<b**fc£4feaN*flE;&» bft5LEDfy^ s ^ L E D 5^ :/ 7> £> ©ft ©/» 

r©i 5 fdft*£*LfcJB 1 ©»*^>f Kteiav^Hu 
$ J>fc*eft£*WCfc <t 5 ft A 7 fcttMT* .5. 

0 x «l2±^^3tWtrgtifffit^Wt>©|fnB LEDf WfcttKtt 
*3BWfc«5jRi©»*^*-Kfc*JV^ WI3/h&gt3tWf± N 

$ fefc> fflrsa^e&£3fc*jt©M f-^&M^Mia/j^^^K©^ 



WO 02/059982 PCT/JP02/00484 

5 

5 **»4x ^a»tt*^*tfMfc»CS3V^, ffiMO. 0 lvol%~l Ovol%W 

io Wo« t te^ttii(r©/J^$3teWr©^ tr- * 20^-9 

£fc, *»WO»li:*2©»3fe^^-Kte*5V^T, £»KO*^&#f4 
15 tlx WEOMV^^^-K^feJtS. tits *WttKJ»Sr#*.5«Ift 

0%~5 0%<D^fflT-fc5t, ego/^y^^^t^ :*il:J:otfeA 

20 $ *%w<D.m i ti2«^t- kk:*5v>t, mmnammm 



WO 02/059982 PCT/JP02/00484 

6 

5 — KT'feoTs 

io ■ -coxo \zm& £ tifcm 3 <omt?4 Kt- £ 9 > fuwt^^sjitt^^ 

9 ©flflBRGLkffiWfitt LT?^^$ti/TV ,v 50"C N JBteJEsW&PoT**^ 
«rra*tt»»fc7-f9--^r**T'l>J:< % ^rOHltUT*** 

20 ?^l<{i2 0Mm~5 0 J umtfc5 t ^ O i 5 *tt«<fiBO**»fC*r^ 

25 WEW^fc zvakoMmiufi lt« $ *ifc#& 

mnmiuz x 9 $ at*:*^ ? 4r-s*©«aH»fc l e d <> yzmm-t 5 



WC 02/059982 



PCT/JP02/00484 



7 



~1- 5^/KZ>-^ (l) W$H<5i«i**XH:-jtta; (2) -w^Mi? 



HOOC R 2 COOH (2) 

r , itmmm 0-12 t < i±«7;^wii7 p -/k r 



o 




o 



WO 02/059982 PCT/JP02/00484 

8 

2 tt$m& o~i2 v -jv) \ im^tf*is®m<D^tf*zs% 

mcMVXO. ooo i~o. o l^suox^Xi'ffimtZ^tsZkZ&WLt 

-£»r &&(d l/io^bi/ioo <Dm<D*^*ymimT*?z£i 

10 ^fcttT-ft < > ItSfe^^r s/ffljg i: ilfekfell £ ©»^£££^ J: 

LX^ATMZfefci~Z fc©©tHWKV^ ^-^^JfiJtEjj&feO bT 

20 W©*IK#S£Jiiv\&>fc£#*&;ft5. SWM"P ^-*©Rfc*W©t>o 
* sutf* i/A&<D^X?A4&{\&tt 1 0 %£t±, #£ b< ft 7 0 %£A±T-fo5 r. 



WO 02/059982 PCT/JP02/00484 

9 

7^7-^ im^^ ttsaie^, *^tm?fc»fl&K** 

10 ftlf^OlgftXfigft n * 5 3. 

fcttLTO. 1-5. 0Si©«7^3-^X»4^©lDlt^*:«r&trii:*!# 

->K MMf^^y MJxf l/^p 3-^ If a- 

;K 1, 4-^^^^~/K 1, A#tr^«£t*T# 

##3&9f£#5tt¥#fl^mx- t t>-»©y - Kilt, ttna 



WO 02/059982 PCT/JP02/00484 

10 

5 ft^fr^^&^LXj&SMII^XifcS^ £fc, 

S>fc< 1 1> I n t G a «r£^*a^^<fc&»fe#**3W*rffU i3B3fcf 

* its \m z> £»«©jg i (DMmrmz. m&t-fyy?* l 
awasfefcrgw^' & i ©*5e#H**Tjtefr*-s» i ©^i^tfi 2 ©sed 

#M*"CjfcjaW\<5 J5 2 ©«im£ 5 , mr!2lg 1 ©M7c#H^i±M 

9 ^3fefeRSr«Bgi"5 C t J: !? , BffltfcUtt 5RJt5^*©iS^ 
15 «3t«WS:J8i^-5rt*s-C#5 0 

20 #ft*bfc^trri*0*u\ 

IftBft&frifel&feV^ HUiam^i UXY 2 0 3I Gd0 3I Al a O,XtfCe 
O s Srfflv^- i#tx#5 0 



WO 02/059982 



PCT/JP02/00484 



11 

B l its *&Wl£mzmM<o&M l © SMBSJS*^;*-- K©4£&<ffrSH 

It) lr^t-^7 7T-fc-5o 

B 2 B {4, £ffi©ft?£ l ©*£»«©^g¥#:fiJftjit (&#{r*f1-5«S 
HO W^7 7T*fc5 c 

10 «^a&spffiBT*>5 0 

m3Bj4 s H3A©^^©H»^*t.*L-r*i-fl^a9spinaTjfes. 

a 6 (4, *&wiz.&z>mm<mn 2 © sMDM^t- Koa^wfara 
b 7 a, 0 7 b f±, istfl 5 (D%ytyj h-om^mm<Dte8JM*jtfr 

20 M8 14, #3§i?? l£$S|ti£0j| l © S MDSabfe^ *— Ko^SSWfiiiBT?*) 

5„ 

25 ^77ffc5o 

. b 1 0 Ate, \m z> mmm 9 © ? viws&bM 1- van&ttimsm 

®10Bf4 N Bl OA©jSJftR»^©ias»cBT'*>« B 

Ull 1A{4, ^^^^fllM^^oVNTjB7^^Btf©^^i§^Sr^t 



WO 02/059982 PCT/JPO 2/00484 

12 

H 1 5 14,. =#*5^JW»©«i*Oll"«Bft«r*1"^5 

ytPAft— Y^yf (LED???) 5«sa*tt«lB8fcJ:oT*i-Jl:S^T*5 
^SH^S (SMDD ®35ft^:*— KtfJfeS. ^ltO»11038Wt 
- K^joV^x, ^ y >r-v?li&JS^-* 2 £: ffllBft 1 £ E> ft 9 , m& l f±JR 
Mia Sr#j^1-5fc*^^JR^-^ 2©-*0»©HHfc**$*VO**. L 
EDf-yfstt/tytr-- boifciift&i a t^jr*yf^ ^SftTP-f-r— 

OJ¥£^lmm) fcj: 5iM:£;fltV5 0 

S*k »Jh«»8lttt«*^>fd--K (LED) ^y^i 



WO 02/059982 PCT/JP02/00484 

13 

TV*. 

ft "3s We*lLED^5':/5©jEm&5 a i^®65 b t7>Tir-7fcJ: Oft 
<LEDfy7*5> 

zomft®%z®&^mmftm&o%&^+5to&m^o ^mx 

ft, roi54LEDf^5ittZnSe3R, ^>G a N3&ftiffi*©*M*# 
&B^xm&Lft%<D$:&%i'ZZ.b&X%51)K *ieil^v^lit»f§: 

«** < JftfiT* 5^^©»|g^^^^«¥^ ( I n x A 1 Y G a 1-x 
_ y N, OgX, O^Y, X + Ygl) SrJBV^fcLED^yT'Sfc/BV^ias 
ff*U\ ^©LED^^7°5tt, In.Ga^N (0< x < 1 ) Sr3B3fcSfcU 
TWtT*5!9, -t©M^fc£oT*36ifcK&#iJ3 6 5 nmW6 6 0nmffi 
irdST*#5e LED^y^50«36t UTttv MI SS^, PIN 



WO 02/059982 PCT/JP02/00484 

14 

JW SiC, Sis ZnO#©*mfc/8^S 5 # % JtAte©fiV^fcfc 

< J»*S*5t*l:ttt77 >T irfflRSrJI V>3 r t mt. L 

" $t5rim5„ r©!8^ t77-ff£K±tGaN, A IN, GaAIN 

«ufciio3^^n, nitft7;^;=7i • 3(f y * 

m 2 © a >- 9 9 hm *m k mm z 97 p mmo led?-? ?&mf h 

tt> pIK-^hT*fe5Zn, Mgs Be, Ca, Sr. Ba$lrK-7$t 

«offiltfc«iSr^^Ufe!7*^Srf-y^c* y M~5 n fc fc:* D 
*fc«rfflV\fc. L E Df- y 7 5 &m+* - i 2 s T'f 5. 



WO 02/059982 PCT/JP02/00484 

.15 

D?y?5,0%y&&&t3.4 0 0 nmELL5 3 0 hm&Tf-i^1-<5- L 
<, 42Onm^±4 9Onm£;T(C^1-5r.^ < kt)0*U\ LEDfj/ 

.fefctt, LEDfy^5C«*SJ«:4 5 0nm£Lk4 7 5 nmElTORSI-* ' 

4 0 0 nmi 9 ^^*^K©R*©**38*+5 L EDfy ^HWt5 r i t> 

20 JS3atJSt»i-«fc* % LEDfy^bO*Wi<fllXft50|j:LEDf 
±£05 %©■?£> 5 D 

SfefcSt 8 1 (H l t 'mmtffliK 8 2 (» 2 <t 



WO 02/059982 PCT/JP02/00484 

16 

ll^Mii^ t Bl2Att:#|5cgt^j3rt.5«ffl:^*Sr^U H2BI4 

V>T> 0 1 vol%~ 1 Ovol%©IBtffif ^n-e*)57 9 5/ 

£^5. :©7.77 Ff^feii Lfcl 1 M ^ 2 ^O^t^I L, Hi: A/ 

0 . 01 vol%~ 1 0 vol%T& 5 x 8 l-©^«tt^*ftft 

£Wfif±o. o ivoi%~5voi%T*fe5 0 r©J:5fc/J>«lEg**«Wt^*ii- 

m3fcft»*^fc^»$^fc3B*^ *— K##feft5. /.MAS* *Mt 8 2© 
m.mX 0. 2/im~l. 5 Am©«B8Tf*)5ri«S»*UV\ iH(I<toT> 



WO 02/059982 PCT/JP02/00484 

17 

©33l^II&*^K*^ftj*Ui:v^fc % *»g£#ttflf8 l ^gf^TIB 
B1-5£tj8SWC*>5. «SfM8 1 t/MSES*3fc*K8 2 

.:fcBHKK*toft8 l#LED^y:/5©iav^»£fc#8EU *©#«fc/.Nifcg£ 
M8 2 jjsisffJe-fc^fkSitrflPfcl-s. r ©«fc 5 fc#ft$*ifc*#toftfc 

*» ^ *&&$k%#BX 8 1 fi L E D f- y f 5 ^ 6> ©# fc&«Jft1-* <fc 5 fcfls 
Jfl U *O^0/J>ttSg£ft!t8- 2 tt*r©Klrt»fBtc £ 5 3§3fe6©fetf 6 £SS 

Sfc^ Wia/h©#MfeK8 2£8fre^BcgS$#toft.8 l 

*%m9kffltBK8 l i#fc*fi£3bfetofr8 l ± D»*/hJ < 2»o/j^3^ 
toft 8 2 J:9*tv^«ftft**tofttr*»*^ *#&£3fetoft8 l fcitfftifc 
S*i#ftfc*ofc#Hu StrfB*3^^*tofr»-»ilKS*6aE*$*5. £©«k5 

<fc < •fe^m^^S £ tic J; 9 > t^Kof3t#itftl:tFfiit5fei%# 

«£i#*riBfc*tu «te«f , *fc&&#tofltttu itna 

n t l < , rtuc j: t> twa*sifi5g«*toflt©*aD»cT 

^■Y ^- KT-li, $ fe (c*ttS£3fetoflt 8 l ©ttflBMfrfc!E**-« «t 5 fcRj&t" 
5 r i fc «fc tj , Jf 8lSrLEDf-j/7 p 5 ©Jli2 lefeV ^TZ V Mcfcjfc 

0£;bfcV'»J:5fcB*U LED^y^5*»6©*fe^T©*B«9bbtofl[8 1 



WO 02/059982 PCT/JP02/00484 

18 ' 

&LTV^**fc££#flMt8 1 ©*?ttfc< £T©#te«#W8 1 fcftfc* 

«BT/8v^tts*MflBI^ 8 i ©«Egf4 % »-o»f? its ip, 

3fcSEife»l^*rlSl±$*5fc«>fcx 1 0 /< m~6 O^mOjlll:^ 
t5:iWL<, 1 0 a m~ 5 0 i! m©iiilg^f5 : i L< , 
«fc!9VN->-t50tt<tel 5/*m~3 0vm\Z8U£t&. 1 0 Jim* 9 < J. 



WO 02/059982 PCT/JP02/00484 

19 

tTLS5. 1 5 u m i 5 /h $ < J.o«fflB/J^«PSac3teteK 8 2 £ 5 * * 

is±©taas^5(c^.-e $> t wmm+ fc *sv nt* t & •=> -ret* $ K-s fc © s 

£©@#£v^v^#&) fc^.«:ttfcMftlW8l«\ 9 0 

&LT»*©&*5#&*#^3 $83fe*V;3— K©*WSt>fll±* 

£©£ 5 t«Wfc«53S*^>r*- Ktt, ±i&©$ft*jr«rJBv^5 n t izX 
X) „ *»1»©L ED^^^5i^il^fc|fP^^^$^/J^m3fc^lC8 2 ^ 
b «S3^£SHMg«r^rf«JI t, L E Df-jx 7° 5 ©J^K:ftff*lfflI«r*rL-Ctt 

©H«Tfc*5V>T N ft&tf 0. 0 5 %T?&5^MM * y i^W" h V * AtK« 



WO 02/059982 PCT/JP02/00484 

20 

fc£*Wt*rattS** wiPE»r*e*»*M3eBl (SALD-2000 
A) fc£!> N ffiSttBBO. 0 3 /zm~7 0 0 Mm^TSI3tt#btlfc^^T'$>5c 

T80Mfc&S 5 0 vol %© i f OJ&^iT-fc t> s 1 5 /i m~ 5 0 /z mOiBtS) 5 
7 y £ v ^ft&StSrE S £ t fc J: 8 , & A 7 ##WM * *t&#fe =» ^ h 7 

S"¥lr/h 3 < i"5 K ^7^^0^:#v^t>0(cWsl!JbTfeA7^# 

t#i§hft'f 7 h !> 7 A • 7VV$ - 7 ABfl3»3R$ft«R«:*<--* i: bfc t>© 

3 : Ce x Y3AI 5 0 12 : Ce (YAG : Ce) -^Y 4 Al 2 O s : Ce N JEfctt 
tCBa, Sr.Mg, Ca; Z n©4>£< i t>— HTV>Tt> *V\ 
3. 

(1) " >r 7 hy 7^ • t>5 =^ARfl^**3^wri^i3v^ v h y 7 a 

(2) >f7 MJ7A. 7/^5 = 7 A^^^»S(-^V^Ts 7/1^ = 7^ 
£>— »*>5V^±flc#B a N Tl, Ga, I n^^Sf i^»5^< i: 



WO 02/059982 PCT/JP02/00484 

21 

(3) JyYVttJ*- T/V$ = ^A^fb^^^iCib*VNTs W V hV t7J± 

5 ^^©HftJbSV^H^flsSrBa, Tl, Ga, i n*»6fc5«»»&»35h,5^fe 
(Hlocjcittil^mW. 
Xfc»U<tt N HSfi* (Y.Gdj.,) ,Al 8 0 lf : Ce (HU 0<zgl) 
h^5^y-fe^**fr^-« (Re j.. Sm.) s Re «, O 
12 : Ce ({&L> 0^a<l % OSbSJl* R e fi x Y N Gd, La, ScH 
10 WRZfr&&ii< b*—U, Re' tt N Al, Ga, I na»&afc$*i3^fe< 

F;KZ)^^4 5 0nm#3£H^t5ri^t N ^kW^> 5 8 0nm 

15 . tSjtf>KGd (#K!>=* A) 

2. i fc «fc 5 % 46 On m£(±©I«gi©i^^$^il < ^5 £ £ «f 3„ 

*&£<1-5 5. G d ^flr*-* #fe3t(-«t57 

CMTb, Cu, A g % A u N Fe N Cr s Nd v Dy, Co x Ni % Ti N 

*£ftft©#JU&<D 5^A1 (D-UZG a T«Smt 5 r t T38#ft*ME8HHIte: 
25 jEfc, toOY©-§P^G d r £T\ 

Y©-gB£GdT'g&-f Gd^©«ftfcltt**fcU loCe^ 

* (HSU £0. 0 3*»fel. 0ti-5iiW*U\ Gd^©«fe3S2«5fc 



WO 02/059982 PCT/JP02/00484 

22 

Xtt, Y, Gd, C e ©#±3g^£fc£JHfc&^»fci^ Lfc*&»»$:«-C 
#©7yflsftSrMa*LTi8«»cfifJ6», .Sft^l 3 5 0-1 450° COM 

^ &fe *«fc«fcai-ri"t?»5'r.ias-T»#5i,. 

2«S£U:©-fc.!> ^A-msSJufc-V 5/ h y • T^5 = ^^ ■ y 
$##*&©$*#*:»* $ *T t) J: v \ 

5 5. «rfa««©#v^»jr*±fa±«pg^»Si: u 

StrlBgmS©^^<X(i^nT-fc5^Wlr±fB4'®^I^Mti-5a;, ft 
fe^J:tWWC©fli±%WB»fc|0H-5:ii*-r*5. 

ic % tr o . o o 5 - i . 5 *^<7)mM7k%>xt$i?%frtf^m 

(3i*^S/a*fc-DV^6. 00005-0. 0 0 3^/K #4L<140. 0 0 
0 1-0. 0 1^) £rS£-Ufc*SE£ % Sft^ftLEDf SrJDaftL 



WO 02/059982 PCT/JP02/00484 

23 

o^^ft^^o i/i o^b i/i o oQ&xhztzb, mmonmmzm 

5 *fc, mx&mm 8 it»s v^^srwi-sfc^ mwmm shed 
f- v 7° 5 1 <o®Bimm<Dfamz =t o x±? ^ lt n if^f l 

10 5c 

15 (^#**>mm) 

r;^^MXtt2i^±^L«ffit5^W5f#5 0 #1^ 3, 
(m.MMXi$ ym 
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-« (2) T♦^$tL5v f ^^**^^V^^r < ^^X♦#5o 



^ Rj ttg&m 0-12 (DMjZB L < f^JteST-Mnrt'XttT 9 -a-S:^ 
U R 2 tei**$CO~l 2©T/^/>XttTU>-/VSr^1- 0 EB&*4fe£ LT, M 
*.ff % :/n t°^-^^4|7Ktl> »=»^^ l, 2-iy^u^drf-^v ? */Vx}?>' 

3 5vv- l , 2 S-^ n^ri^i^fc/vtf^^zk^ 
-1, 2iy^P^drf-y^/^y^7K^ *t*:7*/Hfc % 4, 4' -fcT*fcjc 

Slims, Sfc, v?#/i^V^£: LT, 4, 4 5 -tf7^=/^ 

2, 2' -tT7a.=.;Wi?*^i^ s =^*lk Tv 5 ^ 

1, l, 2-->* n-^i^v^/U^^ 

1, 3 i, 4-->* n-^i^v^/Wf?:^ 

Sifc»LTlli*iXtt^*^l^ltO. 00 5-0. 5 ^/KDill-^Tv # 

*l<»o. oi~o. 2^<Dm^m^-r^^ttm^v\f\ 

*fc^T«*t**bXttS?*-M?>«*r 0 . 0 0 5-1. 
5*A^)|WT, 0sEL<teO. 1-0. B*M)«#-eWt5ii#j?*L 




o 



o 



HOOC R 2 — COOH 



(2) 
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*?-*ymm\z\± s %&mxMb-**m» %%m*JT*/-t>K 

^v'SfWLTO. 0 0 0 0 5-0. 0 0 3*^, jfSKttO. 000 1- 
0. Ol^/K ±5&*L<f40. 0 00 2 — 0. 0 0 5*^5^^^ 
U\ • 
(i£ltt$9 

gbttK& LT/BV^^ffi:r/v=--/v < tLT, 08*. ^^^P=«-/k S> 
*-/K 1 , 4 - 7* ^i^-/K 1 , 6 -^3f f - ^ A4F£Jg 

frtt* l&fckttXfi fc» LTO. l - 5 . o % b < tt o . 
2-3. oa*fflv^rt*qa*u\ 

I»l8©|^l:tt, (i) ajK^s^JWJctt^lMfi^f-ai-^'fbJW 
t«rRl»fc^Lfc«W[tJtefr-'«flrt-5*!fet, (ii) *tf*i<mm£m&k 

0 Mm^Tiu»5i^!t (ii) ©*ft«Sff*U\ (ii) O^feSrSRffli" 
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£TF> (ii) (OttK^TWrnzMW-tZ* 

^v^flll^ i^v'^tl^LT'O.' 0 0 5-0. 5*/K #SL<tt:0. 
Ol-O. 2 o*^H^**Xtt^*/^^*^**TS»^-I7.^-i 

U\ ^*«o»^oSjemQ»^ l ~3 6 o*m, v?*^^ioi^ 
oa&B#ffltei£i 1-18 O'nWC&S. ^**OlHSI^Sriiait-rK*&B*M 
5 0^15 0^ (ff*Utt6O-12 0lC) MLT'bS 

5fc»^ WfeftfeSlttttl ^-fc3i#^">^*fc#UT0. 0000 5-0. 

o 3 L < fi o . b o o i - o '. oi =t)V(o% ^^RfldW^a^ tfc 

IB^SSKttx 8 0-1 0 0t:T2~4l$ITO&LT lWlft*^ 140-15 
0 t CT-2~4^»LT2^{b^^5ii:d^U\ 

y 1 *^*>mM<om&m<D%i&^ y =r-r-©&«fc 

<^Mo?i*|§l<2i^Sz> 
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/N - ^ ^_ tx«yil-5 fc jc % $g$c©/< s/ ^— t T ft 5 /< 5/ -$r 
1 a [c*tt&-f5»»i?L 10 1a #^#$;h,fc»IH4« 1 0 1 

iwt\ WltlO ltt, UtTO^o. 0 6mm~2. Omm©« 
SfSfiS^fcftD, ff**-|Ri.fcjr3H-5«»:OJtii3Ll 0 l z&ffiSLZtiX^*. 
lill Ola ©fl^^ttfctt^fcoTfc J^U B^Xffc&^^t) J:v\ 
1-ftfr*>, #3§93te*i§?L 1 0 1 a©«»fffi^R^J:oTIR^$^5t)©-eW:ft 

. fc^TWu jra?Ll 0 l a©Mn^s*6|U££©— #©Bi (&JRi#Kig^£ft 
5®) «»b|fc!r©IBK:rtl^oT*§ < ft 5 J: 5 fcJCS&CMBifcffiftSitrS r. £ 

5 ©T\ L E W y -7 5 *» b ffllt S < K*» fe 

y ^-i?\z.&^X&mWfc 2 a £&JS#£2 b t36S»|fc|©Jfjre4HJ: 

*^y^-S?»A-fci3V^ JtiHLl 0 1 artT-&JS#K2 aO-Sf, 

<LED^>f©|l2£> 

±$© i 5 fclftfig $ v tr-i?T y±y?V ©^-Kilft (MSP) <DBf% 
©&gtC*V MMBfcJBV^T LEDf^5W *V7^ ^ LT, !7>f 
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t-t;y7^ mfevwm*?* (05). 

&wmn<DftM\a±-mm£2 & k&mm&2 btmmzti, led^^s 

^-WwTtukwju: i 5 &a? s tiz. m 3 A»*3iat©^«i i \m z$m% 
teommmfcrn^btiz-Trxf i 1 2©3FBB-rs>5. -7*^ 1 1 2i:it m 

TffivNfetts^^^ttx #ira?Lrtw»c®(^jii«r)»tf*'©-ctt3it<. jib. 
ommgMi o l±fcta^JKJI*s^^FJ^<5J: , 5^c»t^$i^Tv^5. #njs© 

^«©J8t£ife?«\ r © J: 5 ft^** i i 2 ^v^7USaWW«rfr5 - 1 T\ 
.IMHBK©'M?L1'0 l art&lfl6M£££i 0 i±fc«{b*fc*®#3F»®£ 

i"*fc*>, #SK££ife-CBu m 5 fc^rf J: 5 fcB n» l 1 3 (DMmUftoWt 
B 5 fc^f?j&©&£TiBBr LT^SILT®^©^^^— Ki LTV5 0 i 
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£f\ JtS?Ll 0 1 a 1 1 2W\Zfatttcs*>ytr~-i?7y-t^7y 1 0 

O^^x-v 5 ! 1 7±tK§|LT (04 A) N *X-v> 1 1 7£±#£-£T 
^Ty-t^yy ioo 1 l 2i?:fit^tLT x l l 

2fjE Lfc««T?^y^^i?7 yty^li 1 0 0 <5r^** 112 fc&jlfcS^* r. fc 
««"e#5 0 £©£51^ /N'-^-^yt^!) 1 0 0<Dfc*)*ffiEtZ>ZbK 
*5s A'y^^yty^U l o 0±O-Bfci^^W©a«tt«flS»«- 

1 1 2©WR«iJ^©«itEjts*5.. r©jptix«tx»f75. mmtti 

oop a ~4 0 o.PaciaMtsri^fK, £©«Brcfc5 ittiil 

*9Ht*rfil^.« ±-r?fc*a«©tt* fclN-sattfcEV'* n U\ 
o-CJBHSU -5r©»JEStmflESri^!35IL^dSb7LJtSWJSrtT5 k^ott* 
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10 £fitftf^£rt±3*5±?1>*i&T^T*&5. 
<^fy7'2> 

*t«ETfc*JV»T, 084 C) . 

l l 4li, 04CH^ t t5^ ^^112 

15 ^11 2fcff LSTT»f^$'ft«J68«r-r^^ 1 1 2©JgP»l 1 3 Kit Liitf. 
^^-5^tt^TTfrt>ti5fc*#PI^^-^l 1 7©K9lffM§H*Wc*r. 
*SfcV\9^ *3WfcJWfc*^-sn 1 1 1 2fcJ¥.L£TWSfc* 

Xy^r— S^Tyfe^y i 0Otv^^ l l 2i<DXH44C4V\- 

20 *fc*»ES: T-JUjE U fllEESfeTfk 1 S *-*J 

»tJStSritDfcff*?ix« (BUD) . 1 1 5ft, 112 
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5. 

Wll 2^y^r-i?7yty/!J 1 0 o'fc£j*$*fc*Kte) 

T\ LEDf^illf*TO/i5^oT»t5 <£ 5 £ 

EDfy 7*©^® iSfiFJl* £ £ t> % £*©&£»g©« 

#£YAG : Ce»^«*Wti:LT^(rLfc6«**SW438*^>r 
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fcJ&fc 'KT©i5te^>fi/>:^LT«i*o«*^-f*-Kfc^ 

*V v^v— h «t o^KKWdWlica < ft 9 y-f f^xi^£ d*. - 
© £ 5 lcx< y s?T y-fe v^y i ^ >v^v'- h £ ©HSas^Sfeftft * * ? 

flsftfc&ivcJEfe Ltll 5 ft £f©*ft©]IKH t ft -5, 

<^X>>7 t 2> 
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io ?-fcjBv^ t , ±afc©f883Mfc&s*# < ft 5. *swt©»tt i m> 

©±® t »«© jcaftfi t fcH*ttfcj®0 $ avos 5 > mytmmoim # 

^^*EJt^>S5fctfe^J§it- i t) . l LED^y^6>©*s9S^»fcJ:B'tCft*nA 

^m©&^*ffi^^i,(tSittfc/J^^^feRS^^#*»« 4: Sr*-f 

25 . E«S*«rifcJ:5, *^t«BlSfflafcrt±3*5 /J^^ 
»«fi> ±?£%m%<0 0.01 vol%- 1 0 vol%©f6H'«ifttt»J»"*> fc£f* 
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*momx*h&mmim*+ftfc%ni-zzk&x'%Za tit, #«© 

ftX%/mm&T?gg&< D &t l t z %ft?j*~ b&X% 5-. 

Kfticjott 5 r i: Sfc&^g 5 £lR]_L$i4:5 £ t # 

10 

20 T-fc5o *IQ6©^«2©3Kfc^>f^— Ktts t^r^tSSLhCG a.Al,. 
d N (O^d^l) ^bft5^y7T-**r^LT«ft»aMWS|c (Al x Ga y I 
n,N, 0Sx£U 0^y^l N O^z^l, x + y+z = l) *>fe*5p-n 
&&tm&£tlX^Z>LED^y75*-1$(D))-h*nMl 2 a, 1 2 b 
3 #9 1 2±JEE***fct>©-C*«. LED^s>:/5fi4>ft< 

25 ki>mm^fcMfrtbti:5%%m*%VX^Z> B ;OLEDfy^5©-*© 
EflBfcRtt e>*ifcjEA©#Wi tt N -St© 5 - KK 1 2 a , 1 2 b i 

-e tx s ntt©jg« 2 ©£#*v k-cwu 1 8 <p fcjtettoj^ti 
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*sefc©3Wi©»*y>r*-- K^*3^T,- 1 8 &m&<mm i -ok 

l e ? :/£^Tif/£ tfc**^ a— K-efc s. ^m^ftwigft L E 

tbfc«W©*WR: £ LT t±, ©£&£©# lie J: 9 fifi$ frT^&ft Z% 
ftl"*, Y 2 0 2 S : Bum *^©fi«*©*CJ:5ajBS^Tirfe» 
Sr*3fc1-«s Sr s (POj ,C1 : Eu, #04*©ffi«*©#fcJ: 0Ebfi£fr 
T«fe**36*1"5 % (Sr Eu) O • Al jOaSrffiV^a^tas-Cti. 

±iaK3fcWf©ffi x *feSt**iLT3.. 5MgO-0. 5MgF 2 • GeO 
2 :Mn s Mg 6 As 2 0 11 :Mn N Gd 2 0 2 : Eu, L a 0 2 S : Eu, 
»irt"CRe 6 (P0 4 ) 3 C1 :Eu (fcfc* LR e l*S r . Ca, B a N Mg 
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t*bM9lZh5&l2< b%— ffl > BaMg 8 Al 1B 0 27 : Eu^frgigfcJBvv 

^&J1 * l e d y y±^isg $ * 5 r £ t* * 5 „ 

HI'S *>©■?& $ x 36#6©fijFXi^B&jkT?#, U«fe«^«)»*WJh1-Sr 
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7?yt*h l-c* tmzwm Lxm&i-zjjmmmEE 4 8-4 9 8 5 &m 

\m&£}lX^Z>o <<TO6.1-3 6 0 3 8-94*fc»4#J|C|BhS:fts^a^ 

L:6»Ub5S6n tt^^SSriE-rfc*; *!?tl:7yfl/!) !>ASr«HLfc'f>© 

zyyvtxbLxm^x&miw&Mf&i-zk. mm.%*'mi,x'&t>foz>% 

5 r t 5 e &<MKiift£-ISOPH^ LT, 5 w t %~ 2 0 0 w t U 
<, £D|f4L<Hu 10wt%~70wt% ^WIL<(i5.0wt%~ 
7 0wtW5. f&tMRoW&k LT, fl*fflil/C#<Cefcai*. 
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(.mm) 

mm*^$j*m*imK%^t>tiz>o tuts tv^^&ms 
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5 . 1 n 5 n m^©ttftffltt, LEDfy TWI^M^ b ©ft 

9*«HW1-5 n t U>. fttSfcioteffifc J: h^© 

.1"5 d £ an>TSB £ ft 9 , W$ 5 & v ^Bjr?fc £;&#©;*:# v ^ 
V\fc»*Tt>#** '9 &< 4*1*5 r. tasprifeifts. r© J: 5 tettMJtefctt 

Tfeftv\ 'JM^ftim»«4^&mT»5^ ttJOT&*<b«EetfJl&!^ 
fcWJMKcfev^-C^-f 5 /im£Lhl 0 6 MmOTO^OSrV^ 

5. ^©i5ft^#©7^7-^»1tJil^^^$-&5i:, «SLM^J; 

i?#©Sfig i WCII LTV ^ 17 >T ir-O^^itiia L E D ? y Zf<D 

&b*?*~&tomtemb*m#*Vi±+zzk&"c**. w*i«9, \t 

81" 5 r t *sw* i ft 9 gffl 1 1-«MfcBfM©a*ttWi «rSWr-c# £ 9 
&<»**5££#T5nteiftS. 

7^7-fi«^i^©«^t^/X{i^^1"5-i:W^L 

2 0%*i*©||£fcvv,\ WH©^i:W: % 4HKEg©JIRfc©3Sra**«1-R 
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'L€t^i 5Am-50Am, £ 90£ t< H2 0 jum~5 0 /imT'hZh&t. 

E* 5. £ftfcJ:&3fc©B9ttJLm#fc#S*i, N 7^ 

i 5 *sfi«*H©£#lMtXtfc7-f 9-«r»5I^JBIfc^*S*?IJiRBiJBBfetr 

0 #3: U< f±2 0 ^ m~ 5 0 n mOy 4 ^-^SKfcttaift'f'fc***** 

*3BWfc*JV^ »*^>f*-K©«3fcB^fe^5a3tett«l»©*ffitts ft® 

:/©***V*- KT'li, ^y^r-S?©«fcJ:oT±*fc*fcElt**5 £ 
*#-C*fev\ffc«> % S*te»JI©«ffi*ftffii UTj?rM©?fft#&£i§3L1-5 J: 

is* ©sBfc^-f*- Kfc#js u*c-«vwm pnj*s»rt§^fc^^^ 3 9 m 7 

A) *:^V>T?UB^jfeteJ:9»j5j^5ri:fcJ:9*a-C#5. H7A, 07 B 
t-t©«B-Sr*aKj{LgH- 0 r©J:5t^§nfcS*tt«MS©*S»±^ 
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ffito 4 fc^o TLEDfy :/&«ff U LEDfy "fOlEM. omM fc^iVptlE 
Sv&JRtt£2a, 2bfc8SRi-*tff ±v\ 

»J6. 
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*tt-efc < , 7 4- h ?>( K*©3bte**fc feints r. t 5 e 

*fclft6*ix5feO"T?'f4*V\ 

. K«rfMi"S. LED^s^SiUC* I nG a Na>e>*'33S*Sfc*L£3gft 
tf-*#4 7 0 nm©LED^7°&/§V^ e 1 Kfc*S 

«fiy-K22 a, 2 2 b^fl|24©^-^^^Vf— 
ftTVS. LEDfy^tt, MO C VD^JI UT^-fS. Aftffjfcf*, K 
**rtfc**Ufcf"7r-r-t'«Rtrfes'hU ££#*iLT> TMG (MM 
fvv). TM I tma (h JMfvi'T/t'S 

iS/<$'77-gffe5AlGaNi, 

i^B B Btt<£r[tl±$*^fc*oy^K-7'GaNl (f^l 5000A) N 
li«§tl5nl=y?^ KSTffcSS i K-7 B OGaNl 0PSifi2 1 
6 5 0 A) N 

H*ttSrft±S*5fc«>oy^K-^©GaN* (^£i®3 0 00A) x . 
J V Y—"f<0 G a N 0*£j|6 5OA) iSifcK^UfcGaN (J¥£&)3 0 
0 A) ©jgft^fr * S#J|JR (nl^7 y KJf ) , 
'!S*JiOM^4SrlHl±$-g:5fci?>©/^K-^OGaN (f^ifOA) 
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/yF-^GaN (ff£^2 5 0A) ilnGaN (J?£$3 0A) frfcfc . 

Mg#K-^JlftlnGaN (J* 5 A) iMg# K-:/£;ft,fcG a A 
IN (ff$j^I40A) Ojg^^bfcS^JBJRRtf. 

£t±OJ:5fcLTfSK$JlfcLED^^Sr % P-KWl2 2a,' 2 2b^i 
Jl 2 4 fc-#^»**vCftSri9R»A<y H-HK^ ^ V K«MI 6 ?> ^ 
-<^^KLLED5 1 y7 t O#l^i:#];-Km^2 2 a, 2 2 b t ttMtl 3 

2 1. 4 2 9 ^mT-£>5 (Y 0 . 8 Gd 0 . 2 ) 2 . B 6 6 A 1 5 0 12 : C e 0 . 0 , 

".fc*V^ flt ^ B -efc577S' httttMU *JMt4. 6vol% J.oM$£ 
BB1. 3 71/im~8. 3 7 oli?, it»I4 , 04. 6 

vol%tt l. 3 7UmiD *3 v^«r^5/J>*^**^fcfc 

9 5. 6vol%tt8. 3 7 9/*m,fc?)*f V>i«tr^S*«»»*Wt**6»* ' 

142 1. 4 jjl mX'hV, ffc%&tp>b®mfci$VZM&$:te 2 9 . 1 2 %•?'*><&. * 
fc> /h&m^Woig^f-^i&MfiO. 6 13 ^mt'ji)!), 
Jt©*«tV-*ttg*f4 2 2. 9 0 8 nmX'hZ. ttz, *£Jfc0J 1 fc*5VvC, 

CIEOfelSfx, y= (0. 3 3, 0. 3 3) t fc 5 i 5 
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b%z£?\zm<ktz, z?Lxftbtiiz%mmtt^#**sffim*, led 

Vizi. VftmLffitZltr&ytyj*- K£M£ifr.S c 

I&t^mmXlh*) \ *>mm*S. 315^mffe5 (Y 0 . 8 Gd 0 . 2 ) 2 . 9 

e 5 a i s o 12 .: c e 0 .„ 3 s %»m^%^\zm$mi tmmz.^x, 
itmcai&t}*m%.-rz> t , mm® i <d%%?j a— hiz.tt^ 3 5 % 

ill, mtiiiffi 2 5 %feTi-5 t ttvicioT, XftWomyttm— 

mmM2tLX, M«©MJfc£ (Y„. 99 5 G.d 0 . 005 ) 2 . 750 A1 s O, 

2 : ^ e 0. 250 

t U tll^ 0 . 0 7 7 vol%T*J.0 1. 3 7 1um~8. 37 

6 2 6 Am, m&*>b*m\Z.&i-fZM&mZ2 4. 8 12%, /Mft^£»HO 
« t %mmt± 0 . 6 1 3 n **L[#i^«©IS£ t - ^ 2 8 . 
012 M m<i:^5J:5 H^$^^»»^V^5 m-ftg&M 1 i: H3«fc.L 

8%ir]±, mtnmio%fa±-tz B mM2<D%yt?+*- .Ktiu , usey 

l «fc 0 1 !WW4«*^ tf— Kdsg^-Ct 5 0 
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9T*>5. 

mmm 3 . 

=#^*>«jfi k x mm t tr«t»j£>«Eft# 2 . 5 mt'fcs s i o 2 i 

It* 1 "0 0 : 5 0 £ 45 * 5 fc»£Lfcflfc N *©JMI^#©:*#*S<1IM&<I> 

1 RM»©«*wt«ra* *ii«wwjtitfli 1 1 mm 

' mm, 

^x%mwtt<Dm?mffim&mmis&5&imm}&mi tmm^vx, mm 

K*s# b*u mH l £ fl*©4tt£##6>;ftS. 
mm. 

@7A, H7Bfcj^fJ:5»w % LED^?:/-5#**ftfcJ«3frfc*tE3.2 
ffi> 2fcf±*LEDf-y^fc»JlS:LT*iT^njE«i3 2 a, 3 2 b* 

mm. 

Jtl00:50£fc5J:$ fcft£ Lfcflfc, 2 £ W*0*3fc*K Sr»* $ 

*x 3EK7-f UTfitNBffiPe Mmtfe5 S i 0 2 SrttE=#«¥i^ft»* 

icmffl 5 fc W«fc UTSJKWWfel- «t 0 fc3fc* U 8 5 *C X 3 BR, StC 1 
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mtfl 2 1 natott%M*£v\ 7 -f 7 - * ltiuib^»s a: inti©*fcg 

tr#i-5«f , 'MM6Wlll 2- 5 j£ m© S i 0 2 &M^Z>&&ttm&M 3 i ft&iz: UT 

itt^<t 5 33601 3 £ 5 ft^rfs 1 0 %[6l±$^5 e 

2 tra#©£3te»Jf £JBV\ 7 ^ 7 - 1 LXim%%AtotbP31&&0m. 
iSl O%tloWtW2 5 um<DS i O z Zm^&J\>\*mMM6 £10* 

$IM9. 

Ull 0ARW©»^fcfcBTfc5Hl 0B^1-<tp^; LEDf-7^5 
(Ml fclRl*©t>©) £ft*R* vttMLfzmMv^t^h • U - K4 2 a 
©# y^^^v^fll 4 2 T*^ ^ K Lfcfk LEDf'S'7'5 ©4Mt& £ . 
-r^j, • U-K4 2 aXtf«VK • y-K4 2 b £ .fc-tJVHlBfta* 3 0 

y= (0. 3 3, 0. 3 3) i**** s #b3r5J:5{c«0!2i:W*©S3te* 
Kfc3tmi»llS^fc5^#*S^»Jil'i:«sm»H:«S5 : l 0 0 ifcSJ; 5*z:il££ 
, fi± h O'tmfBrr 7 > Y • 9 - K©# y Lfcm, 15 0 l 

HSs#l io. 

LTfufBlbfcM i FH&m<om» 1 0 %T»l.o4ijt?ttft«M6 2 5 n m© S i O 2 
£©fiJ:ifc#10 0 : 10: 3 5 £ 5 fcS^Sftfct)©^* > h • P- 
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